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Smads to the Mix.2 promoter. Interestingly, p53 interactsp53 and TGF- in Development:
with the N-terminal MH1 domain of Smad2, while FAST-1Prelude to Tumor Suppression? interacts with the C-terminal MH2 domain, raising the
possibility (not investigated here) that Smad2 bridges
two different site specific DNA binding factors to gener-
ate a more complex, and potentially more specific,
Recent work in Xenopus embryos reveals an unex- multifactor DNA binding complex. p53 facilitates activin-
pected developmental role for the tumor suppressor regulated but not BMP-regulated signals in the Xenopus
gene p53. This finding may have implications for the embryo, and regulates only a subset of early transcrip-
evolution of p53, its interaction with Smads in TGF- tional responses to activin—supporting the idea that
dependent mesoderm specification, and the coopera- p53 is targeting Smad2/3 to specific activin responsive
tion among p53 family members. promoters. p53 thus appears to fit nicely into a novel
role as a DNA binding cofactor for Smad signaling, and
in early Xenopus embryos is important for normal ex-The remarkable finding of mice lacking p53 was not that
pression of a subset of mesendodermal genes.they develop tumors, but rather that they existed at
Also undefined is p53’s relationship to patterning inall. Given the vaunted attributes of the p53 protein in
the embryo. While morpholino antisense inhibition ofmonitoring cellular proliferation and homeostasis, as
p53 expression demonstrates a necessary role for p53well as effecting cell death and premature senescence,
in axial patterning of the Xenopus embryo, whether p53the absence of developmental defects in the p53 null
activity is itself patterned during embryogenesis is amice came as a surprise. Despite the starkness of this
central unanswered question in understanding the em-result, subsequent findings have been nagging remind-
bryological role of p53. In Xenopus, p53 protein is ex-ers of the expected developmental role of p53: the early
pressed at high levels maternally, and does not appearembryonic death of mice deficient for the p53 regulator
to be obviously localized during the period when Mix.2Mdm2, apparent interactions between p53 and TGF-
is expressed and axial pattern is initially establishedin proliferation checkpoints, and the newly discovered
(Tchang et al., 1993). Numerous posttranslational mech-family of p53 homologs having obvious developmental
anisms for p53 regulation have been identified or pro-roles (Parant and Lozano, 2003; Massague, 2000; Yang
posed, however, leaving open the possibility that p53et al., 2002). The present paper by Piccolo and col-
activity, rather than p53 protein per se, is localized toleagues (Cordenonsi et al., 2003) presents intriguing
regulate specific patterns of TGF--responsive gene ex-data in support of cooperation between p53 and TGF-
pression in the early embryo. Alternatively, p53 activityin Xenopus development, strengthens links between
may be regulated temporally rather than spatially, andp53 and TGF- in somatic cell growth control, and
therefore have a role in controlling the timing of expres-
shows that the basis for this functional association is
sion of mesendodermal genes. Consistent with this pos-
direct interactions between Smads, the mediators of
sibility, the p53 inhibitor Mdm2 is present maternally in
TGF- signaling, and p53. early embryos, and Mdm2 RNA decreases substantially
The Smad2 and -3 genes encode key intermediaries at late blastula stages when Mix.2 and other mesendo-
for TGF- receptor activation and transmit this signal dermal genes begin to be expressed (Marechal et al.,
from the cytoplasm to the nucleus (Massague, 2000). 1997). Neither Mdm2 protein levels nor net p53 activity
Two components of promoter-specific regulation of have been directly examined as a function of develop-
transcription by Smads have been defined: (1) interac- mental time, however. A related question is whether
tion of activated Smads with site-specific DNA binding there are additional signaling pathways acting upstream
factors; (2) direct interaction of Smads with DNA via of p53 during early development. It seems unlikely that
sequence-specific binding activity intrinsic to the N-ter- some of the best-characterized upstream stimuli of p53,
minal MH1 domain. The intrinsic DNA binding activity such as DNA damage and oxidative stress, are physio-
of Smads is of relatively low affinity and specificity, and logical regulators of early developmental pattern. How-
while this activity is sufficient to drive Smad-regulated ever, other signal pathways proposed to regulate p53
transcription of artificial reporter constructs, tissue-spe- function, including oncogenic stimulation (McCormick,
cific regulation of transcription by Smads in vivo is in 1999), might participate in the spatial or temporal local-
general thought to depend on interactions with addi- ization of p53-dependent transcriptional regulation dur-
tional site-specific DNA binding factors (Massague, ing embryonic patterning.
2000). The principal reason that a role for p53 in early devel-
Piccolo and colleagues used the Xenopus Mix.2 pro- opmental patterning in frogs is such a surprise, of
moter, originally employed to establish the role of Smad course, is that loss of p53 function does not have a
interaction with a site-specific transcription factor in comparable effect on mouse development. One possi-
transcriptional regulation (Chen et al., 1996), to show ble explanation for this, discussed in more detail below,
that p53 is required as a promoter-specific cofactor is that different p53 family members are expressed in
TGF-/Smad signaling. Furthermore, p53 associates di- early mouse embryos and compensate for loss of p53,
rectly with Smad2 and Smad3, transducers of activin while in frogs p53 is solely responsible for early em-
bryogenesis. While differences in redundancy of relatedsignals, indicating that like FAST-1, p53 directly targets
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Nicolas, J.C., Levine, A.J., and Moreau, J. (1997). Oncogene 14,genes is a plausible and precedented explanation for
1427–1433.variations in gene dependency amongst model systems,
Massague, J. (2000). Nat. Rev. Mol. Cell Biol. 1, 169–178.the possibility that these differences reflect more funda-
McCormick, F. (1999). Trends Cell Biol. 9, M53–56.mental developmental strategies among vertebrate em-
bryos also merits consideration. Unlike mammalian em- Parant, J.M., and Lozano, G. (2003). Hum. Mutat. 21, 321–326.
bryos, amphibian embryos develop for their first 12 cell Tchang, F., Gusse, M., Soussi, T., and Mechali, M. (1993). Dev. Biol.
159, 163–172.divisions without G1 or G2 phases of the cell cycle, and
through the 17th cell division (well past the point when Winklbauer, R. (1986). Dev. Biol. 118, 70–81.
mesendoderm has been specified) require neither sub- Yang, A., Kaghad, M., Caput, D., and McKeon, F. (2002). Trends
Genet. 18, 90–95.strate attachment nor exogenous signals to maintain
active cell cycling (Winklbauer, 1986). This profound dif-
ference in how the extracellular environment controls
cell proliferation in amphibian and mammalian cells may
have significant implications for how proteins commonly
associated with proliferative regulation may be used
during early development. tRNA Structure Goes from L to Phylogenetic analyses of the p53 family indicate that
p63 was the original member of the family seen in inver-
tebrates, whereas p53 makes its first appearance in
chordates (Yang et al., 2002). Significantly, p53 arose
In this issue of Cell, Ishitani et al. (2003) report, in ain vertebrates apparently in concert with the dominant
crystal, a new L-like structure of tRNA designated asnegative versions of p63 and p73, suggesting the possi-
-form, where disruption of universal tertiary interac-bility that these gene products evolved to interact
tions is compensated by interactions with an enzymethrough common DNA binding sites. We know from
that makes a base modification at the corner of the L.mouse knockouts of the p63 and p73 genes that both
are critical for developmental processes (Yang et al.,
2002). p63 is essential for the maintenance of stem cells The determination of the three-dimensional structure of
for many epithelial tissues, including skin, breast, uro- transfer RNA was a landmark for modern biology (Kim
thelia, and prostate. In contrast, p73 appears critical et al., 1974; Robertus et al., 1974). Instead of a linear
for aspects of neurogenesis, pheromone signaling, and double-stranded helix, tRNA organizes itself into two
reproduction, and the control of inflammatory responses. major domains that are oriented at right angles so as
At least one immediate question that accompanies the to give an overall L shape. A dense network of universally
evolution of p53 was its function: was it selected to conserved base-base and base-backbone tertiary inter-
perform tumor suppression, or rather as an intermediary actions holds the corner or elbow of the L together.
coordinating the p63 and p73 genes and their newly This L-shaped structure is now considered the standard
evolved dominant negative isoforms? Did its develop- three-dimensional format for all tRNAs. Remarkably, a
mental role naturally lead to tumor suppression for the paper in this issue presents a new structure where virtu-
longer-lived vertebrates? Piccolo and colleagues do not ally all of these tertiary interactions are broken (Ishitani
address these questions directly, but rather link p63 et al., 2003), but the resulting new structure is nonethe-
with p53 in somatic cell TGF- signaling (Landesman less L-like. For that reason, it is designated as -form
et al., 1997) and argue that the p53 homologs might tRNA.
interact with TGF- in development. These areas remain The single-stranded tRNA is most commonly com-
largely unexplored and intriguing. Piccolo and col- prised of 76 nucleotides in a sequence that has internal
leagues have much to do to define the molecular mecha- complementarity according to the rules of Watson-Crick
nisms underlying synergism between TGF- and p53 base pairing. As a result of this internal complementarity,
genes in development, but this report suggests an intri- a cloverleaf secondary structure is formed, with four
guing story to come. hairpin helices and three major loops. (A short fourth
loop, the variable loop, is also inserted between two of
the hairpins.) Two helices stack together to give a 12Malcolm Whitman and Frank McKeon
bp minihelix hairpin, terminating at the 3 end with the
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dine). The other two helices of the cloverleaf combine
to form a “dumbbell” helix capped at either end with
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loops. One loop contains the anticodon triplet of the
genetic code at about 76 A˚ from the amino acid attach-Chen, X., Rubock, M.J., and Whitman, M. (1996). Nature 383,
691–696. ment site. The other loop of the dumbbell is called the
D loop because it universally harbours dihydrouridines.Cordenonsi, M., Dupont, S., Maretto, S., Insinga, A., Imbriano, C.,
and Piccolo, S. (2003). Cell 113, this issue, 301–314. To build the L shape, the D and TC loops have to
be joined together. The variable loop that is squeezedLandesman, Y., Bringold, F., Milne, D.D., and Meek, D.W. (1997).
Cell. Signal. 9, 291–298. between the two major domains also has to be accom-
modated into the overall structure. The aforementionedMarechal, V., Elenbaas, B., Taneyhill, L., Piette, J., Mechali, M.,
